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PROBLEM TO BE SOLVED: To generate 
dynamic and high-speed moving operations of 
a leg type mobile robot more than in its normal 
walking motion by allowing the robot to put on 
roller skating shoes. SOLUTION: This robot is 
composed of a lower body part consisting of 
two movable legs and a trunk and generates 
various motion patterns by controlling the 
whole body motions using the lower and upper 
body parts. A sliding unit having a specified 
sliding direction is removably attached to the 
bottom of each moving leg, and the moving 
speed is maintained by putting the sliding units 
approximately identical to the sliding direction 
while the moving speed can be braked by 
making different the sliding units from the 
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-r>5:i5*>. OJETtcn^y MO Oco 

ea^EPjD^ix, fi^^ifctf ("f->3:^*>, h'^2 1 1 B 
A^i* 5 ?.) ZtizX-yX. H 9n ■ X4 7f2 1 

1 stfim lx . m&^mir^&'t h z t t . 

[00 55] ^fc. ^iS3[JK{=RILT{i, o-^cDigBo 
W'fiS^ix^xyn-^ (isIiK^aiH-) 2 1 3coHi^Sr 

^E06ft2: v-yconmcomzX 9»«ftWh&»0 . ^ 
MJi»tS»«nTH«-r & £ i: c «t o^i»i$^*«ajs 

[0056] 06ai^a7Wi. MJ£^n-5 • X*r- 

7- ■ JL- -y b 2 0 0 &JR *) Hit*; AfalMO^ y h 

1 0 O^S8®Sr}f«^&«)f^S:t5*ar/fi^r<y)#^*>(?> 
[00 57] ®6$XSEl7t:M.Xi>ftfr&X : 5(,z. x-y 

yycof^z^m^Mmm^^-yii. 

^»u^.y b 1 0 0<0S*Jg«&±a»£ki*S=£*.*:» 
7 • JL~ -y h 2 0 0 5-o,-K-y MO 0<?5#>?<7)^"I6P(C 

{riH^x^iz^Lnhsmy^-yim^x . oh< 

•y M 0 0 (i^>f ^-5 -y ^-C'ii;j2^jt*-r7ir^*>^l6»| 
h 1 0 0**it*l!)^?:lT^^co^#JI«)M-^-ycom 
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$,>mmz^xwmxmm-r&. ) 

[00 58] E8lC(i. ;<0AISlo#7M 

m^<r>m y ), j^mvx-v mo on. 2*<?>m&bm 
as i *<kti±.#k . mm&t:9mti 2*^iwa5*>4. 

SrSTISfc. J^kTKk£ii*rri>f*#a5kTi«j£S 

[ 0 0 5 9 ] SBS5 1 S-SdS-r&HIRiaiKi. MKIffii3-$i 
2b. mmVSVv+m3b. mWS5o-;H»4fcv>d 3 

[00 6 0] £tz. *eSSBti. Mras5t-/^-i*8t, Jff 
WSiSD-;Htt9i:, JJia-ttlOt, WIRI«5e-y?-tt 

i ik, B>riR3-wi 2t, ^nsmt'-vi-mi 3 1. 

^HWS5n-/Hlli 1 4 fc , #g|S 1 5 k T'ffij£$*i& . # 
8P1 5W, URtcJi. ^SW=^fi^-&-tf^ll5SiS • 

h l o oo«5^«$"Jffii J ^«i!)^Jffli^W«»S^ 

& . x , ^<7>#wgg»i 7 e as**-*- s t -r 

[006 1] f*$*SS(2, tme-yflSl:. «£» 
o-/Hft6k. «s»3-W7k^5 3S*JKSr^-r&. 
[00 6 2] TKS:l8fi£-ri»2?&«-^Ojffllg|5<i, 

nsraffiH-iai 6t, jRW«se-yf-«ii 7ks iswsso 
-/n* 18k, mrnvtry-f-nbi 9k, jMwwt-y*- 

*42 0k, MtBo-;Mtt2 1 k. £3? 2 2kT 

«Sfi!t$ft&. JSRIfiBe-yf-ltlll 7klSRia5a-;Httl 8 

<o^«i. «nwt:fliiDiifv h i o onmsmmm. 

Zimt&i><nt-rh. Attofcgp 2 2li. §1 

**. *lfflglWSSA^DH<'i/ h 1 0 0<7)&mi*fu 
SiSk-rs. LWot, ^fetfO#f9!SPIi6a4ST 

rafts*.*. 

[0063] tUiSrlSfSTfttf . *fete«lfcffi$ ASS! 
otf yM OO^flskLTte, ^U"C3 + 7 x 2+ 3 + 
6X2 = 3 2gijKSr*^Sik^-5., i§U 
-y-jy^yh fflttoAUffintf y hi o o 1 1> 
3 2 g*JKKI8Jg$ft!>§K-C'l2:$:V\ f&ff • KfKt<0$iJ 

#)&&*?miimw£.m t x , e &&-r ^*>wfi5asr 

itatS^S c k #T'£ & £ k JiW o * X «rv \ 
[0064] J^LtJ:a^A®o*7M00^ 

tit. m±xi£ttts:®t>?>-*mvx*. he>stm&# 
x$m®m*fio zttcfnw&frh. r^fxi-? 

li>J^l/oigiT-$> 6 £ k U\ **lifc01?tt. 
^rSJSMT'floif-^JlHI^iS- "7 y * -y Tfl: LT 

f-iX-^SrJSa-r&rkk Ltz. £coS«AC 

T?**jL-?izmLxii. mt^mmAiz 



mzmmznx^&ftmw 11-333 se^-mmmiz 
[0065] S9tc<i, a^o#7 mo o<omm^ 

AmiuXv MOOIi. h h<OW&*mmLtz&WM 
4 0. 50R/L, 60R/Lt, «« 

3 ®m*.- y I- 8 0 k xm^tlh ({flU R&lXLO 

«) . 

[0066] Aiasntf-y h 1 0 o±w<ommt. mm 
a-»;h8o izx ->xmt£mzmwi*ix& . mm*-- ■•/ 

h8 0(in CPU (Central Processi 
n gU n i t ) f- yr^t'J • -?--y^<?5±S|llS83 
(0^L^v%) T1S^§fLl.±$iJPSP8 1 
k . HiS^M^a^-y M0 0<?3#«I^IRkOx-^ 

^k*Sr^^aiHlK8 2k-C1i«$n«». 
[0067] 2f^«?l|T{i. mas^gii:. utf -y b 1 0 

o&eAwciBijrr&^wN'yxusr^^iisffi m 

9Wi^L=5rV%) k=5r-oTV^. gifgfSMT-ftix 
. AISIMa^y MO O^W^ifi^gli. 

ir-zfMzxhmm^^rr. n^^m-h^tt^x 

*^^coffeO±KS:#i63t*a<y)ai!i^ 
IZ. miB^-7'/UkO^Sr#«-r«. ! ^3!)<^<^0. 

[0068] B8KSLfcD#7 MO 0l%7*g.R|®Sg 

3S$ixS. tt£>*>. $m3-- v h3 0fc{±. m5ll«iS3 
-W2, HrB8S5t-y^-«i3. «RIS5o-;Hft4<7)#^5r 

^-r.&mB5S53-wiT^f-j.x-^A 2 . -arBisse y 

[0069] f*»SPo.^.y h4 Olcii. tmt-v 
^-W5. fls»o-;H*6, (*l*3-W7^«-^Srm-r 
&##t.y*«iT?^x-:y-A 5 , «c»o-/H»T^ 
^j.X-^A 6 . fls^3-ttr^^-iX-^A 7 *»*-C-iX'?' 

[007 0] ±sfc. MgBxx.y H5 0R/Lli. ±JWx 
Xyh5 lR/Lk, H52R/Lk, ffi 

Bfcj.- . y h 5 3R/Ltc«^-ft;S^*«, JSUggSt-y?- 
W8. WH3fiSo-/Hft9. U63-W1 0. JWTOt-y 
fill. Wra«5a-/Hfti 2, ¥MP3t5e yf-ttl 

3 , ^mimsffo-n'to 1 4c7>«.>!f sr^-r^wraiBt -y 

fi7^faX-^A 8 , WBBS5D-;HftTi?f-j.x- 
^A 9 . U63-fftT7f al-M,,, WraSfft-yf- 

A 12 . ^mWSiSeyflttr^^iX-^Aja. #©3855 



!(8) 001-138272 ( P 2 0 0 1 - 1 3pJL8 



[007 1] tfz. Bm3---vh6 0R/U±. *JHS? 
jL- y h6 1R/Lt. h62R/Li;. MSP 

xx.yh6 3R/uciiffl4Mt$iT.sa<, Bswssa-Ki 

6 . BSMSSe 7f«il7, fl$IRISiSn-;Htt 1 8 , KRIffli 
t -y f-tt 1 9 . &mm$6 1 7ftt20. £1iB8Seu-/U 

$42 1 <n&*immthfsm'B3-nT?i-c>.x.-9K 
$diT?*.ix-?A l8s )Bsrafi5tr>yf-ttr^^-iJ:-^ 

a-HWT yfii-Mi, ^-e-ix-eiiffifilS *rt v % 
6. 

[00 7 2]*7?fiI-^Aj, A 3 -J±, 

[0073] SSPJL--/ h 3 0 . «s»g!i-<y h 4 0 . 
K&jl- y h 5 0 . «-Hlg£x- •/ b 6 0 & if «0#«8mi 

^ .y h «c . r ? * a x- ? mmwm<m%mu 3 

5, 4 5, 5 5. 6 5#*ft-?;h4£fliS*VO^>. $<o 
#P656 0R. LOj£JK*<3if^L^*^*»S-«iai-r 
!»««S5ll2-bVHf 9 1S.V9 2, SX/^i&iXJgSr&iiJ-f 
S^DaLK-feV-9-9 4JIV9 5 Sr^-f&tfcttC, f* 

^gpjL-.y i» 40 rttcti, ^sritay-r^si^-fev-9-9 

3*gti§LT^.g». 

[0074] ats^J&MT-ti:, >"9" 9 3 i: LTJniS 

1 . 9 2<0«"*li. 05 5r#BSL^^i»BJL7t i o 
tC, • X-f yf-2 1 1 1 1 

^^•c-ii^^ixi.. it. &®mm*>v9 4 , 9 

5<0#*tt, ^JT-f •( y / • 1-7 h 2 0 
ffiiBlc#^n^xy3-^2 13 (I2|i|6«iiiitf-) fcj: 
oTffi^tli.. SffltfMg-fc: >V9 1 , 9 20aJ7JtCJ: 
fiJS2 2cr)3»^Rl^tfl5Mia. tA^T(il«lgi5J-- y 

h v ^-rtix-h mm-tz z t a* 

T'£&. jf^Pfc^oTv^PSPxx-y hoxy 
a-rffi7)Sr«gffl^wi:T\ otf-y M 0 Oeommi 

J: *) . tm®ft(?>Mz ^®#£t*aj-r s - 1 *<t§ & . 

[007 53 ±«"Jf»SP80ti, 4H=X*9 l~9 3cOHi 
t T««PS»fr ^7-5 ••/ 9 izniE-t £ Ik* 5 
J: DUttWClJi, giJ$iJffllgB3 5. 4 5. 5 5, 

6 50«-^tc^LTjajBW=5r«iJW5rlT^. AfSgLaX-, 

b i o o<o_tj&. tm. mfTmnwMLizwmzzm 

SHCtiSoT, SSPJIfiK ZMP (Ze r o Momen 

t Point) syg. immi. ±&m®. mt$nz 

fMril^*3-7>Ffc*W«IW*3 5. 4 5, 5 5, 
6 5 

[00 76] -?-LT, #^<OSJ©JfflISi53 5, 4 5-T' 



■h-th. witfo rzMPj fcJi, 4NT4>Ofl5R7J^ 

frfM138IS!+* fc'lc Z M P *<«)< MMZMtirt-Z . 
[0077] <JCWt\ otf y h 1 0 OizM Ltn-5- 
• x^-hSt* r B*>^:l»j ifctCkO. #1f«i:0ta 

[0078] *HitCT-C»i, *^WtCtia8 CjjrT^RI 
«SS4S«lB£?rftfirr&Al^o,i<.yM 0 0 Sr. 

momnmrntn d^oiz&^x^h. sh^a^md 
•c"j>s*«, w&m-mmb%m&frt>z&mM*7 : Mz 

[ 0 0 7 9 ] m 1 0 fcti. ^H&WciSS^jUftV"?* 

-><7mn.(vtzMzmxzti2> . Aisso^ y moo 
nw&K-on^w^^msmm: -r/^mm lx v ^ . 

[0080] 01 0l=iiV>-C. 0-XYZJ^g^J±»6« 
Jt. O" -X' Y' Z' Illlin^MOOtit 

tss < mmmmmzti (t & d . e»/f, 3-#w5r 

m LX V ^ . I«10(c^-r#»^ x/UT'ti, i « i # a 

mmmizn^x^zmm^m^^cofSRiim^ * 

CDftS'v? h/Nir ' „ ( r ' hJ , r ' hy . r 1 hl ) t 

[ o o 8 1 ] m i o t,z7Ftim®co&'gjim®. : £ ; rMz 
fcwm, *-*>bj£\m&irmai<r>]miX'imz 
tt. m*-*yb3X,iit-v*mi.isvi->i-mizmLXT 

I 0 0 8 2 ] Z?>£ ? KtZ'K&j&to&Mt* WfaOT 

coimz-miz x *)*iu&.-rh z t wx- % & . 

[0083] (l)D*7M00iMIiM^ 
( 2 ) «^5r^f & . S^<0^^ft<i. tfttl^OV 

( 3 ) i mz. -e^s^iasfcsfi 

(4) #S^mi£, «^{4griSr^i:L, *<7)M& 

izitwttzimizft^mteb txm^th. 

( 5 ) ^izmm&*>ibh'&&-t%*>*>mwm±t:& 

%Tf2>. 

[0 084] ZMjm&^TMi. WMf. Vl^-Pls 
—■U ■ ^-r/KOJgJiST'n^ y h 1 0 OimLLtzhcoX' 
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[oo85]^r*>»iaio izfu-f&n&.ff'wm&tft 
* y m o oiz&v&mm<?>£&-t%*>*>v-)i'* t* ■? 
otfy mo o^^s^afim^-f^^fctt&K^jaw 

[00863 tfCWC, Af^n^.y h 1 

0 O^it^Urf^^tTd^O^Sill^-^-vco^tiJJa 
WWCowvciWH-*. 

10087 3 utf-yHi. swrr&im;:^tf>£j£ 

? tit: W!V if - ylzft o X #Kfi5-r =5: T ^ *• a x 

-?zwmtm-tz>z.bi,z£->x. m^m^mm-t 

SioKSoT^S. ^SSW^&ntf-yblOOCO 

K9-v^ ±MMm^?->mzm~3^x ^ st^Ltzx 

■f&kolZtoX^k. di-emaZMP (Zero 
Moment P o i n t ) UiSlfclJu D;K-y 

m=*jwc. jsjs (^L<(4i&S[) z&z>~£xmmiz 

a-x'Y'z'imwissmnk (*tfv \>kbh\zm<) 

[ o o 9 1 3 ttz. otf-y h i o ocommmztf-fe 

( r ' bI +r„=const)t, Jg8BSt£a*-fe: 
[00923 01 2^L/o«ia*JiUi, n^-y h 1 0 

f{±, a— »f • 3-7Vh'^Srri)04<-y h 1 00O1& 
b'Z1sA.X'^Xl>^\ 

[00933 *>*»*a-lf • 37>Hli, ±#Jffl£B8 1 



[00883 *$mm<?> x oizi ^co^imm^e e 

SrfiFOP^»o^>y h (08S:#^ii: ) 
#£352 2 R/LOtMfcKSS^K^B&t^SKi 

fcfcflfi$r£»=5:^. ( r *«J (gait)tli 

■i s.yfKfiz-o^xwf-y) (Dztzmm-tzta 

o^-yh^ffiffla^ciS) . ) 
[00893 il2tlt *5UftWc^«»a^>y M 0 

iSMcO^mfSM^Mi: 7 a— ^--v — h coB&X'Tjk LX V ^ 
(IU JUTTM:, aiOtc^-T,J:o^«B #^ 
^H^^x/l-Srffl^Totf -y M0 0 coS-RlftiftB 
^16^5:15^- 2. t<0i:L, fio, fmtcBI LOT?) 

^>y^A ( " ) ttZcDtmiimil&m&W*;?* 

[0090] 
[»13 



iz&^xMwzti. JIM {£*)mt*mzit&&) 
mss«6*^siai$n.6ZMPi)iii, tmrnm. ±mm 

1 ) . j:o^(*wct±. *?&&mm>*?->. <x^t 

ZMPDuM, ^afS^-^-y. -?• LX±MMW^f— 
h. 

[ 0 0 9 4 3 HJg • ^^^SGfifK^T/l^ffl 
v^T. SIS, -etTUKiltttcJrOfl^-rSS^ 
ZMP±T<0tf-yf-«tt. o-;H*ii?>9<^# ; e-^>'b 
(M, , M,) fcttaj-tS (XT77S12) . 
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[0095] &^T\ mm • IttWZ'&tij&Wt'rH-* 
m^X . mmWMftmto ( r • hl , r'^lCiTC 
ffc£^3>K«ZMP±T'0*-;^b£giirt-& (^T- 
•y7*S 13). 

[00 9 6] iX^-C, iS^ZMPi^fcttat-pO-h 

+ rnfaH^ + V + g x )- m h g 2 Hx - rimpj= -M y (t) 
- mh H («W +ii qy + gy )+ m h g 2 (^y - «zmp y ) = ~ M x(0 

[»3] 



tt*ifl(c. HaSWj^^TaHSiclJWSJB ( r hx . r 

„») i^.mm.<mt lxwhuz ttih. T*tz&t£ 

[0097] 
[«2] 



<l) 



[0098] {hl, OT^A-rstcot-r*. 

[0099] 



*hz=0 

ilhz +r qz = const 



[0100] J»rVC. JJB<?3ZMP*a* ( 1 ) £*V> 
T. RSP7k 3 Fffirt«Ui?:aca3-r«» (Xf77S 15). 

m (fflft) *JBVvcZMP2rBrt ( 1 ) £M<ZbX\ 
*mm.k LTOJ8&<D*¥«fe*f<3iI ( r h , . r hy ) CD 

(X^- y rsl6) . H 

ynmmx'h o . «t o zm p vastest 
xhi.o zm§w*mttQ.w.x'$>&. zmp ggaa 

[0101] Kffi Six^3a<K»±Ttt^tt^Lfc*» 
?-V0MWfe ■ miEZfto (^T77S 17). Zcr> 
[0102] <fcwt\ ±3*0 J: o lzLXftt>tit:±$tm 

®>*?->*kxlx. mm^Ji- (tth*,. 

^L<U;^»K£<<^&a>£&&otf -y h 10 0«» 
r^f*) (Z*i(tSI5^ZMP±cO*-^>h ( eM 
,. eM,) fcgaj-fS Uf77S18) . ^K^-r 

>vx'\±±Mi<n m 3 ] z t ttsnt 
m®x'i±frfr&mmz&L%^ i-tte^m^sntiz 
n lx-%x'*> & -wmifr % ) . 

[0 10 3] ffiSB^rrt'Kfc (■)-•?> ^-^Vh (eM,. 
eM,)li KSPiliScO^-rS^-^ V hmHT'J) 
S. g<^f77'S19T'IJ 1 •ro^-^o-h (e 
M, , eM,) mm&tTMZ&ft SiZM*-* >hCT> 
¥f®W. (eM,, e M y ) *)H*^*>Sr«^f S . 

>ZfthZkffX'£tccr)X' (^f 77S20) . 3|s;P— 
[0104] ffic^E-r/WCfcftS >- N ( e 



(eM,, e My ) £LhT»o Sc^T/WC 
fctt&^-^VMeM,. eM,) tffl^iStttf* 
KfctfSSKll&fe^e-^yb (M,, My) Sri^IELT 

(^fyrs2i ) . mx/zMPijmjacomiii&ftw 
ff®m e xmizmi-? &zx\ ®&m>' - v<v&$k 

[ o i o 5 ] m 1 2K^-t*!ui i f i«tc«fcix«r . ^rKPi 
leKizm^xm^tz*-? ■ x*-T<>rwrtE*in 

izm^xm&z£jz2ithm®mmzmi-i-z zt# 

#^iftlHI* { 6e*je*^=5:SIHI^e)n^.y h l o 

[0106] H 1 3tZl±, *m&miz&2>u#v 
bio oizti^x&feLfcxdr-T-i yrwitmotz 
aw. ®&mmcoMW9m^mtzmthm<7)Mt:ya- 
^-Ycom^x'^Lx^h. fiu, mm^mxit. 
±Mt mmiz. mm ■ n^m^'s^j&u^f^m^x 

o,-K-/ MO OcO#^85^B^ift^«-iE*t&tOi:-r 

h. 

[0107] wm^mn. v h i o o«o#fi^# 

• 3^HA%St40i)(7M 0 0<7)S!tfm, x^r- 

ffecossf^. ^j^.{f-, m.±^$m<7)±Mbi>mim^tzM 
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[0108] <f ■ 3?y Ktt. ±#J«SB8 1 

8_&M®frhmiZZti& z m p$yr Isanti, ±bbi 

i ) . j^jwfrwtcti. %?8.&mm^?-y. <xwc 
yzwiitth. ttz. m&<omKnzmLxte. z- urn 

to i o 9 ] mz, mm ■ t^^m^&.^t^m 
wc. jias. im. *Lx±.ffimi / z£*)&k?&mz 

(M», M,) *%&-th (^f'^/S32) . 
[0110] KSfrk^BBflailJ ( r ' h , . r ' 

hy ) i7-vx.mfmm-t (xxvrs3 3) . ^ns 
mzm^xmzmm<?>£oiz^ 7-vx.immmth^ 
biz**). vj^fmzmmkmftiiztetAtxmni- 

m%m%mztLxm.z.zzttfx-z&. ^,.fft 
mx.?-v^m) &mm-r&zb&x'%z><r>x\ th 
n.m&t:±mizfi\±z-it&z ttfx-z s . 
[oiin aszMP±Teof xf-w. o- 

^iibO<0«-t-^^l> (M,. M y ) K^HvCt:?- 

'JX&&ggfj-r& Uf77S34) . 

[0112] &Wt\ KSP/KTffirtilljKO^-'JxSS: 

77S3 5) , IggfiliScOiSGUi?***;* h 

36) . i^-C^«><bixl.ifi(RS«i, £?g#*T^Ifc$:II 

ate a h x o %®%&**mtt&mx' $> * . zMPise 

[0113] 3^$*tfc54<Rft?±T'te^l^Lfcf*fS* 

(XT77S37) . itfO 

[0114] &wt\ ±3^tf0 J: d(cLT^^>ix^#a 
Uj/N-^-ySr^AL-C. ffl^T^ (-$-£•*>*>. ffltt. 
£ L < \mmz& < aygfij)> ^D*-yMOO«S 
a?=5r*rVU) fc:*3(t«»i6«ZMP±c7)^-^>h (eM 
,. eM,) (Xf7rS38) . ^l»tf 

)VX'\tlil<n ] *<fifc£-tS.r i: Srwrat Life**. 
®«T'«*>*>-5.m^^SL^O (-fSrfc^SO^-ffclC 
ftfC-jrc***^**^) . 

[0115] tim^TMZiitth*:-* >V ( e M, , 

eM ( iii, M^atfi^^-rs^-^ > hmmx-h 

6.^<^f7rS39Tll icOt-^yf- (e 
M x . eM,) tfrnm^rMZtUIZ*-* > bco¥t®m. 



— f -f yrmftzmmx'Z h£Mmw**-y*m> z. 

btfX'ZtznX- (^f7rS40) . *)\s-+y-£to* 

[0116] ffcfr, m®*TMZ&im:-* > h ( e 
M, , eM,) ^jfi^x^tCtJtt**-^ y hCOHF^ffl 

(eM,. eM, ) Ol.X'h^^^Zl.i. KSS^T^C 
JsltH-^VKeM,, eM,) SrfflWC^SS^Ex 

;wc^&BBaf6£*-*>'i-- (m„, m,) St^jelt 
mex.ffiizm&t&ix'. mzmm^f-yrtftvmcr) 

[oii7] ssK*-e*>*uf .. m 1 3 tc^-r«ia^»c 
ioTt, 01 2X'^trz9m^mtmm. tmmstfr 
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